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"For truly when the rustics in Hung~ry
cast iron at the proper season into a certain
fountain, commonly called Zifferbrunnen, it is
consumed with rust and when this is liquified
with a blast-fire, it soon exists as pure copper,
and nevennore returns to iron. Similarly in the
mountain commonly called Kutenberg they obtain a
lixivium out of marcasites, in which the iron is
forthwith turned into copper of a high grade, and
more malleable than the other produced by nature."
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I. ABSTRACT
The objective of this thes"is is to determine the possi-
~~ilities of reducing the ferric ion content of the mine waters by
the use of sulfur dioxide and thereby reduce the consumption of
iron and improve the efficiency in the precipitation process.
The experiments which were preformed showed that sulfur
dioxide would reduce the ferric ion content of the mine waters to
a very low figure. The reduction in the ferric ion content would
improve the efficiency of the precipitation proness, and also
increase the recovery of copper.
The amount of sulfur dioxide required was, in all cases
so large in relation to the amount of iron saved that the process
of reducing the ferric ion content with sulfur dioxide is not
considered commerci~lly feasible at this time •
•
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II. INTRODUCTION
The practice of precipitating cement copper from mine
waters by the use of iron is quite old and well established.
Basil Valentine referred to the process in about 1500; it was in
Use in Peru before the year 1637; it was in practice in the Lower
Hartz until the middle of the sixteenth century; it was patented
and practiced at Rio Tinto as early as the sixteenth century.l
The precipitation of copper from mine waters was first
-practiced in Butte in ISOI. In that year William Ledford secured
a three year lease on the waters pumped from the St. Lawrence and
the Anaconda Wanes at a royalty of 25% of the copper recovered.2
The use of the preoipitation process spread very rapidly
in the area, and in 1912 there were about thirty precipitation
plants in Butte, most of them along Silver Bow Creek. Some of
these plants were engaged in recovering copper by leaching waste
dumps, but most of them were treating mine waters. The output of
these plants was between 450 tons and 750 tons of precipitate per
month. The copper content of the precipitate was between sixty
percent and se~enty-five percent, most of the other materials·
being iron. About eighty percent of the recovered copper was
obtained from the mine waters.3
There were tw.o prin~ry systems used in handling the
precipitation solution: the tower systenland the launder system.
The towers were eight to twelve feet wide, ten to fourteen feet
high, and fifty to one hundred and fifty feet long. These big
- 2 -
tanks were partially filled with scrap and the solution was
dis_tributed over the scr-apby means of troughs along the top of
the towers. The solution drained slowly through the charge of
scrap, and ran out a trough below the tower. In order to prevent
channeling of the charge it was necessary to use a scrap iron
which was light enough to be stirred with water sprays or poles.
The tower' system was generally preferred at that time.3
The launder system consists of a series of troughs in
which the scr-apiron is placed and the solution flows through the
trough lengthwise. The troughs are about four feet wide, three
~ feet'deep, and fifty to one hundred and fifty feet long. The iron
is placed in the troughs to a depth of eighteen or twenty-four
inches and the solution flow is regulated so that the iron is just
cOVered by the solution.
•The tower system, with the necessity for light scrap.
was replaced by the launder system, with which any kind of scrap
is SUitable, because of the economic advantages of using heavy
scrap. At present the tendency is toward light scrap again owing
to the change in relative price between light and heavy scrap.
According to Greenawa.lt3 most of the plants operating in
1912 were obtaining about 75 pounds of copper from 100 pounds B,
iron. This would indicate a precipitation efficiency higher than
is being attained at present at the Leonard Precipitating Plant.
At present there are only two precipitating plants in
operation, with a combined capacity of 6,000 gallons of mine
waters per minute. The High Ore Precipitating Plant treats about
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4,200 g~llon8 per minute, and the Leonard Precipitating Plant is
treating the remaining 1,800 gallons per minute.
The Leonard Precipitating Plant operates on the Launder
system, using some light scrap, mostly tin cans, and some heavy
scr~p, mostly rails. The copper bearing solution comes from the
sampler at the High Ore plant through a system of trough conduits
into the first set of launders, continued into the second and
third sets of launders, and finally into the settling ponds. The
stripped waters drain into Silver Bow Creek. The first set of
launders at the Leonard Plant uses light scrap, which is charged
into the launders by means of a small clam-shell bucket. The same
bucket is used to remove the precipitated copper from the launders
along with what other materials remain. The iron in the first set
of launders is cleaned with water sprays to remove the slimes.
The second and third sets of launders use radLs which are.kept
clean b~ sweeping the slimes off the rails with brooms. Almost
all of the precipitation takes place in the first set of launders,
so the removal of copper frontthe launders using rails as a source
of iron is not a great problem. The flow of solution through the
second and third sets of launders is rapid enough so that very
li~tle copper is retained. This copper is recovered from the
settling ponds. These ponds are cleaned only when the plant can
be shut down for a reasonable length of time.
I'
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III. THEORY
The entire precipitation process is based upon the
replacement from solution of metallic elements low in the electro-
motive series by those metallic elements higher in the series.
This phenomena has been known for a long time, and is used to
some extent for industrial purposes. The precipitation of metals
from leach solutions is probably the most common use of the
process. Iron is used for the precipitation of copper because of
its cheapness and availability, although there are other materials
which will also cause the precipitation of copper.
The basic chemical reaction that occurs is:
CUS04 + Fe -- Cu + FeSo4•3&4
There are two detrimental reactions which take place
if the ferric ion is present in the solution:
Fe2(S04)3 + Fe
Fe2(S04)3 + Cu
3FeS04
CuS04 ~ 2FeS04.3&4
These two reactions are iron consuming, and therefore the ferric
ion is a hinderance to the efficient precipitation of copper.
The reaction of sulfur dioxide upon the ferric ion is:
Fe2(S04)3 + S02 + 2H20 -- 2FeS04 + 2H2S04.
According to this reaction one mole of sulfur dioxide will reduce
two moles of ferric ion, but forms two moles of sulfuric acid.
The reaction of sulfuric acid upon iron is:
H2S04 + Fe -- FeS04 + 2H.3&4
-,5 -
According to the foregoing reactions two mol~s of ferric
ion will dissolve one mole of iron. One mole of sulfur dioxide
reduces two moles of ferric ion and forms two moles of sulfuric
acid. One mole of sulfuric acid will dissolve one mole of iron.
It would appear that the use of sulfur dioxide should decrease the
efficiency of the precipitation because the sulfuric acid formed
would dissolve more iron than is saved by the reduction of the
ferric ion. This situation is not the case because of the tin~
factor. The solution of iron by the action of sulfuric acid is
slow in comparison with the solution of iron by the action of the
ferric ion, and for this reason the efficiency of the precipi-
tation process is increased by the reduction of the ferric ion
content with sulfur dioxide if the time of contact is short enough
to prevent any extensive reaction between iron and sulfuric acid.
Any type of iron will cause the precipitation of copper,
but some are too expensive, some have mechanical difficulties, and
some are too slow in reacting. The best type is sponge-iron,
however this material is generally too costly to be used in
competition with ordinary scr~p. Sponge-iron is best because of
its large surface area in proportion to weight. For this reason
also the light grades of scrap are to be preferred to the heavy
grades of scr~p. Greater surface area tends to increase the speed
of the reaction, and also the light scrap may be more easily
handled with power buckets.
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IV. EXPERIMENTS
The objective of this theris is to determine the possi-
bilities of reducing the ferric ion content of the mine waters by
the use of sulfur dioxide and thereby reduce the consumption of
iron and improve the efficiency of the precipitation process.
In order to determine the reduction in ferric ion
content accomplished by the addition of sulfur dioxide it was
necessary to establish some means of measuring the ferric ion
content. The colorimetric method using potassium thiocyanate
was, selected because of its rapidity and
Sandel15and Snell6 it is best to use a
light transmission between 48001. and
accuracy. According to
filter showing a maximum
5000i.. and use a final
solution in which the KCNS is about 0.3M. All iron determinations
were made using a Lumetron Photoelectric Colorimeter #400-A. made
by Scharr & Company of Chicago, with a blue-green filter showing
its maximum light transmission at 49001. '1lhe KCNS concentration
in all solutions was 0.3M. All determinations were made as soon
as possible after the KCNS indicator had been added.
~he determinations for copper content were made with the
Fisher Electro Analyzer #9-261, made by the Fisher Scientific
Company of Pittsburgh. This method was selected because of the
simplicity and speed with which determinations could be made.
The sulfur dioxide used for the reduction of the ferric
ion was obtained by the solution of sodium bisuihfite. This method
was selected because of the 90nvienience and aocuracy with which
- 7 -
the amount of sulfur dioxide released into the solution could be
determined. It was assumed that all of the sodium bisulfite was
disassociated and the theoretical amount of sulfur dioxide was
released into the solution.
The iron used in the determination of precipitation
efficiency was in the form of common finishing nails, weighing
about one gram each. This source of iron was selected for the
economy in cost, and also because these nails have the same
physical and chemical characteristics as rolled steel. This is
important because the scrap used for the commercial precipitation
of cement copper is genermlly rolled steel of some sort.
All weighings were dome on.an analytical balance, and
the material was weighed out to 0.1 milligrams •. All liquids were
measured carefUlly with appropriate equipment.
An index of the experiments and standardizations which
were preformed is on the following page.
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Index of Experiments
A. Percent transmission vs. Fe~3 content of solution.
This test was made with known Fe~3 concentra~ions in
order to set up a transmission curve from which other ferric ion
content determinations could he made.
B. Determination of Fe~3 content of mine water.
c. Determination of copper content of mine water.
D. Reduction of Fe+3 content with sulfur dioxide.
This test was made ~n order
in precipitation efficiency with the
tent, since the same quantities of
both sets of tests.
to coordina te the 'increase
reduction in ferric ion con-
sulfur dioxide were used in
E. Precipitation test with unreduced solution.
F. Precipi tation test with 0.60 grams S02 per liter.
G. Precipi"t;ationtest with 0.40 grams S02 per liter.
H. Precipi"Gation test with 0.30 grams S02 per liter.
J. Precipitation test with 0.20 grams S02 per liter.
K. Precipitation test with 0.15 grams S02 per liter.
L. Precipi te.tion test with 0.10 gra.ms S02 per liter.
M. Precipitation test with 0.05 grams S02 per liter.
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A. Percent transmission vs. Fe+3 content of solution.
Procedure: The volume of standard required to
give the desired Fe+3 content per liter was pipeted into a test
tube, the amount of water required to bring the volume of the
solution to 10.00 ml. was added, and 5.0 mI. of indicator was put
in. The tube was shaken lightly to insure mixing and the percent
of light transmission taken. A blank containing no iron was used
for comparison purposes. The machine was adjusted so that the
blank showed a transmission of 100%.
Standard: !he standard used in the preparation
of the samples contained 1.000 grams of Fe+3 per liter. The
solution was made up from 0.0358 grams of Fe2(S04h in 10.00 ml,
of water. The calculated weight required was 0.035799 grams.
Indicator: The indicator used was a 0.9 M.
solution of KCNS. This solution was made up with 87.5 grams of
KCNS in 1000 mI. of water. When 5.0 rol. of this solution was
added to 10.00 mI. of mine water the resultant KCNS content was
0.3M. as recommended by 'Sandell and Snell.
% trans.
Fe+3 content: Based upon the volume of the water
and standard; the volume of the indicator is not considered.
ml , std.
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.10
0.12
0.14
0.16
0.18
0.20
0.22
0.25
0.30
0.00
9.99
9.98
9.97
9.96
9.95
9.94
9.93
9.92
9.91
9.90
9.88
9.86
9.84
9.82
9.80
9.78
9.75
9.70
10.00
ml. Lnd,
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
0.001
0.002
0.003
0.004
0.005
0.006
0.007
0.008
0.009
0.010
0.012
0.014
0.016
0.018
0.020
0.022
0.025
0.030
0.000
98.50
95.75
94.50
92.50
87.00
79.75
75.00
68.00
62.50
56.75
45.00
32.00
24.75
23.50
20.00
16.75
13.25
9.50
100.00
A graph of these values is on the following page.
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B. Determination of Fe~3 content of mine water.
Procedure: 0.10 m1. of mine water was
to 10.00 rol. with water, 5.0 mI. of indicator was added,
percent transmission compared to a blank was taken. In
all iron determinations followed the procedure given in A.
diluted
and the
general
Percent transmission • 66.75% as diluted
Fe+3 content • 0.00827 grams per liter as diluted
Fe+3 content of mine water • 0.826 grams per liter
pH of mine water • 1.5 to 2.0 (Beckman pH Meter)
C. Determination of copper content of mine water.
Procedure: Duplicate 100.0 mI. portions of the
mine water sample were analyzed with the Fisher Electroanalyzer.
1. cathode out • 11.8664
cathode in & 11.8373
0.0289
2. cathode out =
cathode in
11.8307
= l1l80l7
0.0290
Average copper content ~ 0.02895 grams per 100.0 mI.
Copper content of mine water = 0.2895 grams per liter
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D. Reduction of Fe+3 content with sulfur dioxide.
Procedure; The 802 was obtained by the solution
of NaHS03; 1.623 grams of the salt being required to liberate1.000 grams of S02 into the solution. The desired amount of salt
was placed in a test tube, and the solution buretted into it. In
the tests made with 0.6 grams or more of 802 per liter the mine
water solution was used undiluted. But in the tests made with 0.4
grams or less of 802 per liter the mine water solution was cut to0.10 mI. and 9.90 mI. of water added in order that the ferric ion
content would be small enough to permib the passage of sufficient
light to register on the colorimeter dial. In all tests the final
volume of the solution was 10.00 mI. 5.0 ml. of indicator were
added to the reduced solutions, and the percent transmission
taken as before.
gms. 802/1. % of trans. Fe+3 /1,
2.40 90.25 0.0035
2.00 89.00 0.0037
1.60 85.50 0.0040
1.20 76.75 0.0060
1.00 71.00 0.0065
0.80 68.00 0.0070
0.60 29.75 0.015
0.40 97.00 0.16
0.30 94.25 0.31
0.20 88.75 0.47
0.15 82.00 0.57
0.10 77.50 0.65
0.05 72.25 0.74
A graph of these values is on the following page.
Theoretically 1.00 grams of sulfur dioxide should reduce
1.74 grams of,Fe+3 to Fe+2• With small amounts of sulfur dioxide
this is very nearly achieved.
The curve shows that the reduction in ferric ion content
was very rapid up to 0.40 grams of sulfur dioxide per liter, and
quite rapid up to 0.60 grams of sulfur dioxide per liter, but that
more than 0.60 grams of sulfur dioxide per liter had very little
effect upon the ferric ion content. However since 0.60 grams of
sulfur dioxide will reduce the ferric ion content .bo 2.03% of the
o:iginal it is not to be expected that further additions of 802
w~ll cause the reduction of the ferric ion content at the same
rate as the previous tests attained.
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E. Precipitation test wi·t;hunreduced solution.
Procedure: 500 ml. of solution and about 200
grams of nails were agitated for one hour in a Winchester bottle
on the rolls. At the finish of the agitation all the solids were
filtered out, washed, dried, and weighed. The filtrate with the
wash was made up to 1000 ml. and two 100,0 rol. portions analyzed
for copper content. Since the original copper content of the
solution was known, and the weight of iron placed in contact was
known, these two additional figures made it possible to calculate
the efficiency of the precipitation process.
a. Copper content of filtrate:
1. cathode out • 11.8393
cathode in - 11.8375
0.0018
2. cathode out • 11.8038
cathode in - 11.8019
0.0019
Average copper content per 100.0 mI. - 0.00185 grams
Copper content of filtrate - 0.0185 grams
b. Recovery:
Copper pptd. - 0.1262 grams
Copper heads - 0.1448 grams
0.1262
0.1448 x 100 - 87.15%
c. Iron consumed and copper precipitated:
nails in • 200.7465 grams
solids out • 200.5529 grams
loss of weight • 0.1936 grams
Cu pptd. • 0.1448 - 0.0185 - 0.1262 gramsFe consumed • 0.3199 grams
d. Efficiency:
1.000 grams of copper require 2.535 grams of iron
1.000 moles of copper require 2.885 moles of iron
1.000
2.885 x 100 - 34.66%
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F. Precipitation test with 0.60 grams of 802 per liter.
Procedure: Same as in test E.
a. Copper content of filtrate:
1. cathode out w,11.8387
cathode in = 11.8378
0.0009
2. cathode out = 11.8031
cathode in = 11.8022
0.0009
Average copper content per 100.0 mI. = 0.0009 grams
Copper content of filtrate • 0.0090 grams
b. Recovery:
Copper pptd. & 0.1358 grams
Copper heads & 0.1448 grams
0.13580.144~ x 100 G 93.78%
c. Iron consumed and copper precipitated:
nails in
solids out
weight lost
,Cu ppbd , • 0.1448 - 0.0090
Fe consumed
= 200.0137 grams
• 199.9856 grams
• 0.0281 grams= 0.1358 grams
• 0.1639 grams
d. Efficiency:
1.000 grams of copper require 1.207 grams of iron
1.000 moles of copper require 1.400 moles of iron
1.0001.400 x 100 & 71.43%
e. Saving:
Compared with E,
per 1.000 grams of Cu pptd.
2.072 grams.
2.535 - 1.207 • 1.328 gms. of Fe saved
S02 used per 1.000 grams of copper :
2.0721.328 • 1.560 gms. of S02 used pee 1.00 gms. of Fe saved
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G. Precipitation test with 0.40 grams of S02 per liter.
Procedure: Same as in test E.
a. Copper content of filtrate:
1. cathode out = 11.8388
cathode in : 11.8379
0.0009
2. cathode out = 11.8033
cathode in : 11.8023
0.0010
Average copper content per 100.0 mI. = 0.00095 grams
Copper content of filtrate t:: 0.0095 grams
b. Recovery:
Copper pptd. = 0.1353 grams
Copper heads.:: 0.1448 grams
0.13530.1448 x 100 = 93.44%
Iron consumed and oopper precipitated:
nails in = 199.2273 gramssolids out = 199.1817 grams
weight lost = 0.0456 grams
Cu ppbd, = 0.1448 - 0.0095 = 0.1353 gramsFe consumed t:: 0.1809 grams
d. Efficiency:
1.000 grams of copper require 1.337 grams of iron
1.000 moles of copper require 1.589 moles of iron
1.000 x 100
1.589 =
e. Saving:
Compared with E,
per 1~000 grams of Cu pptd.
1.478 grams.
2.535 - 1.337 = 1.198 gms. of Fe saved
S02 used per 1.000 grams of copper =
1.4781.198 = 1.234 gms. of $02 used per 1.00 gros. of Fe saved
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H. Preoipitation test with 0.3 grrums of S02 per liter.
Procedure: Same as in test E.
a. Copper oontent of filtrate:
1. oathode out • 11.8386
oathode in • 11.8374
0.0011
2. oathode ou:t := 11.8028
cathode in = 11.8018
0.0010
Average copper oontent per 100.0 rol. : 0.00106 grams
Copper oontent of filtrate : 0.0106 grams
b. Recovery:
Copper pptd. = 0.1343 grams
Copper heads : 0.1448 grams
0.13430.1448 x 100 : 92.75%
o. Iron consumed and copper precipitated:
nails in • 198.6046 grams
solids out • 198.4403 grams
weight lost • 0.0661 grams
Cu pptd. • 0~1448 - 0.0106 • 0.1343 grams
Fe consumed • 0.2004 grams
d. Efficiency:
1.000 grams of copper require 1.492 grams of iron
1.000 moles of copper require 1.640 moles of iron
1.000 x 100 c 58.70%1.640
e. Saving:
Compared with E.
per 1.000 grams of Cu pptd.
1.117 grams.
2.635 - 1.49a • 1.043 gms. of Fe saved
S02 used per 1.000 grams of copper =
1.1171 • 1.071 gms. of S02 used per 1.00 gros. of Fe saved.043
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J. Precipitation test with 0.2 grams of' S02 per liter.
Procedure: Same as in test E.
a. Copper content of'f'iltrate:
1. cathode out .: 11.8386 2. oathode out :; 11.8031
oathode in :. 11.8376 cathode in = 11.80190.0010 0.0012
Average oopper oontent per 100.0 mI. = 0.0011 trams
Copper oontent of' f'i1trate :; 0.0110 grams
b. Recovery:
Copper pptd. = 0~1338 grams
Copper heads ::.0.1448 grams
0.13380.1448 x 100 .:92.40%
o. Iron oonsumed and oopper preoipitated:
nails in ::. 197.6972 grams
solids out :; 197.6051 gr-ams
weight lost =: 0.0921 grams
Cu pptd. = 0.1448 - 0.0110 Jt: 0.1338 grams
Fe consumed • 0.2259 grams
Ef'f'iciency:d.
1.000 grams of'copper require 1.688 grams of iron
1.000 moles of copper require 1.921 moles of'iron
i.OOO x 100 a 52.06%1.921
e. Saving:
Compared with E,
per 1.000 grams of Cu pptd.
0.747 grams.
2.535 - 1.688 = 0.847 gros. of'Fe saved
S02 used per 1.000 grams of'copper ~
0.7470.847 = 0.882 gms. of S02 used per 1.00 gms. of Fe saved
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K. Precipitation test with 0.15 grams of 802 per liter.
Procedure: Same as in test E.
a. Copper oontent of filtrate:
1. cathode out :;11.8390 2. cathode out :; 11.8035
rcathode in :; 11.8378 cathode in = 11.8023
0.0012 0.0012
Average copper content per 100.0 mI. g 0.0012: grams
Copper content of filtrate = 0.0120 grams
b. Recovery:
Copper pptd. = 0.1328 grams
Copper heads = 0.1448 grams 0.1328 100 = 91.71%0.1448 x
c. Iron consumed and copper precipitated:
nails in :; 196.9051 grams
solids out • 196.7921 grams
weight lost = 0.1130 grams
Cu pptd. :;0.1448 - 0.0120 = 0.1328 grams
Fe consumed ~ 0.2458 grams
d. Efficiency:
•1.000 grams of copper require 1.851 grams of iron
1.000 moles of copper require 2.107 moles of iron
1.0002.107 x 100 = 47.46%
e. Saving:
Compared with E,
per 1.000 grams of Cu pptd.
0.565 grams.
2.535 - 1.851 = 0.684 gms. of Fe saved
S02 used per 1.000 grams of copper:
0.5650.684 = 0.826 gms. of 802 used per 1.00 gms. of Fe saved
MONTANA SCHOOL OF MINES LIBRARl
BUTTE
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L. Precipitation test with 0.10 grams o~ S02 per liter.
Procedure: Same as in test E.
a. Copper content of filtrate:
1. cathode out = 11.8392
cathode in • 11.8379
0.0013
cathode out = 11.8037
cathode in = 11.8025
0.0012
Average copper content per 100.0 mI. = 0.00125 grams
Copper content of ~i1trate = 0.0125 grwms
b. Recovery:
Copper pptd. = 0.1323 grams
Copper heads; 0.1448 grams
0.1323 • ~0.1448 x 100 = 91.36/0
c. Iron consumed and copper precipitated:
nails in
solids out
weight lost
Cu pptd. = 0.1448 - 0.0125
Fe consumed
= 196.1921 gr-ams= 196.0514 gra.n~= 0.1407 grams= 0.1323 gram.s= 0.2730 grams
d. Efficiency:
1.000 grams of copper require 2.063 grams of iron
1.000 moles o~ copper require 2.348 moles o~ iron
1.000 %2.348 x 100 = 42.590
e. Saving:
Compared with E,
per 1.000 grams of Cu pptd.
0.378 grams.
2.535 - 2.063 • 0.472 gms. of Fe saved
S02 used per 1.000 grams o~ copper =
0.3780.472 c 0.801 gms. of S02 used per 1.00 gros. of Fe saved
20250
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M. Precipitation test with 0.05 grams of S02 per liter.
Procedure: Same as in test E.
a. Copper content of filtrate:
1. cathode out = 11.8389 2. cathode out = 11.8033cathode in • 11.8375 cathode in : 11.8018
0.0014 0.0015
b.
Average copper content per 100.0 mI. : 0.00145 grams
Copper content of filtrate = 0.0145 graIns
Recovery:
Copper ppt d, :;6.1303 grams 0.1303 100 89.99%Copper heads : 0.1448 0.1448 x =grams
1.000 grams of copper require 2.229 grams of iron
1.000 moles of copper require 2.537 moles of iron
c. Iron consumed and copper precipitated:
nails in :: 195.3514 grams
solids out • 195.1913 grams
weight lost .. 0.1601 grams
Cu pptd. • 0.1448 - 0.0145 .. 0.1303 gralJls
Fe consumed c 0.2:904 grams
d. Efficiency:
1.000
2.537 x 100 • 39.40%
e. Saving:
Compared with E,
per 1.000 grams of Cu pptd.
0.192 grams.
2.535 - 2.229 c 0.306 gms. of Fe saved
S02 used per 1.000 grams of copper =
0.1920.306 • 0.627 gms. of S02 used per 1.00 gms. of Fe saved
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Tabulation of Experimental Results
Gr8.lTlSof S02 used per Liter of Solution
0.00 0.05 0.10 0.15 0.20 0.30 0.40 0.60
Recovery 87.15 89.99 91.36 91.71 92.40 92.75 93.44 93.78
%
Percent Recovery Cu :EEtd. x 100Cu heads
Efficiency 34.66 39.40 42.59 47.46 52.06 59.70 62.93 71.43
%
Percent Efficiency Cu pptd x 100 (by moles)Fe lost
!rOll
Saved
0.306 0.472 0.684 0.847 11043 1.198 1.328
Iron Saved per Gram of Copper Precipitated
Sulfur
Dioxide
Consumed
0.627 0.801 0.826 0.882 1.071 1.234 1.560
Sulfur Dioxide Consumed per Gram of Iron Saved
A graph of these values is on the following page.
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v. INTERPRETATION
As is evidenced by experiment 'D', the sulfur dioxide
was definitely effective in reducing the ferric ion content of the
solution. The addition to the solution of up to 0.40 grams of
sulfur dioxide per liter reduced almost the theoretical amount of
ferric ion, but between 0.40 and 0.80 grams of sulfur dioxide per
liter the reduction of ferric ion nearly reaehed the limit. At
0.80 grams of sulfur dioxide per liter the ferric ion content haa
been reduced to 0.0070 grams per liter, and further additions of
sulfur dioxide up to 2.40 grams per liter could not reduce this
ferric ion content below 0.0035 grams per liter. Examination of
the curve on page 14 will show the rapidity with which the ferric
ion is reduced up to 0.40 grams of sulfur dioxide per liter, and
the very slow reduction of the ferric ion content beyond 0.80
grams of sulfur dioxide per liter.
The reduction of the ferric ion content from 0.827 grams
per liter to 0.015 grams per liter increased the efficiency of the
precipitation process from 34.66% to 71.43%. However the tests
using small quantities of sulfur dioxide were not much improved
over the test using no sulfur dioxide. An examination of the
efficiency curve on page 24 will show that a considerable amount
of sulfur dioxide was necessary before the reduction of the ferric
ion content would be sufficient to cause any great increase in the
efficiency of the precipitation process.
The tests with small ferric ion contents showed the
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greatest recovery; the less the ferric ion content the greater the
recovery. In all tests there was ample iron surface available for
the precipitation reactions to take plaoe, and the reas'on for this
increase in recovery is not definitely known. It is possible,
however, that the agitation time of one hour was not suffioient
to permit the reactions with a high ferric ion content present to
go to completion, and that some of the copper still in solution
when these reactions were stopped would have been preCipitated had
the reactions been continued for a longer time.
Several experiments were made which had to be discarded
for various reasons. In some cases duplicate samples could not be
checked. Several precipitation tests had to be discarded because
the copper cohered to the surface of the iron as it preoipitated,
thus stopping further precipitation. In such tes'ts there was no
way of determining if the reaction had gone to completion. It
Would have been possible to add fresh nails to the solution, but
this would have changed conditions in that particular test as to
time and iron surface available. It was therefore thought best to
discard such tests. There was no apparent reason why the copper,
as it precipitated, would cohere to the surface of the iron in one
test, but not in another test under the same conditions.
The only tests shown are those in which the copper did
not cohere to the surface of the iron.
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VI. CONCLUSIONS
1. The addition of sulfur dioxide to mine water will
reduce the ferric ion content of such a solution.
2. The reduction of the ferric ion content improves
the effioiency of the precipi~ation process.
3. Because of the large amount of sulfur dioxide that
is required to reduce the iron consumption the process is not
considered corrunerciallyfeasible.
4. It is possible that with very small additions of
sulfur dioxide the saving in iron would be sufficient to make the
process of commercial value, except that with so little sulfur
dioxide the reduction in ferric ion content is not sufficient to
improve the efficiency of the precipitation process enough to be
considered justification for elaborating the process be the use
of sulfur dioxide.
5. A combination of using sulfur dioxide to reduce the
ferric ion content and lime to reduce the acidity of the solution
should have the best commercial possibilities for increaSing the
efficiency of the precipitation process. However the use of a
Solution with little acidity causes the reactions to be quite slow
and this is not desirable.
6. The commercial possibilities of this process are
dependent upon the price relation between sulfur dioxide and iron.
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